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 37 
ABSTRACT  38 
Background: Sedentary time (ST) has been reported to have a range of negative health effects in 39 
adults, however, the evidence for such effects among children and adolescents is sparse. The primary 40 
aim of the study was to examine associations between changes in sedentary behavior (time and 41 
fragmentation) and changes in adiposity across childhood and adolescence. 42 
Methods: Participants were recruited as part of the Gateshead Millennium Study. Measures were 43 
taken at age 7y (n=502), 9y (n=506), 12y (n=420) and 15y (n=306). Participants wore an ActiGraph 44 
*70DQG DFFHOHURPHWHU HSRFKV ZHUH µVHGHQWDU\¶ ZKHQ UHFRUGHG FRXQWV ZHUH FRXQWVV 6745 
was calculated and fragmentation (SF) was assessed by calculating the number of sedentary bouts per 46 
sedentary hour. Associations of changes in ST and SF with changes in adiposity (Body Mass Index 47 
(BMI), and Fat Mass Index (FMI)) were examined using bivariate linear spline models. 48 
Results: Increasing ST by 1% per year was associated with an increase in BMI of 0.08 kg/m2/year 49 
(95%CI: 0.06-0.10; p<0.001) and FMI of 0.15 kg/m2/year (0.11-0.19; p<0.001). Change in SF was 50 
associated with BMI and FMI (p<0.001). An increase of 1 bout per sedentary hour per year (i.e. 51 
sedentary time becoming more fragmented) was associated with an increase in BMI of 0.07 52 
kg/m2/year (0.06-0.09; p<0.001) and an increase in FMI of 0.14 kg/m2/year (0.10-0.18; p<0.001) over 53 
the 8y period. However, an increase in SF between 9y-12y was associated with a 0.09 kg/m2/year 54 
decrease in BMI (-0.18-0.00; p=0.046) and 0.11 kg/m2/year decrease in FMI (-0.22-0.00; p=0.049). 55 
Conclusions: Increased ST and increased SF from 7y to 15y were associated with increased 56 
adiposity. This is the first study to show age-specific associations between change in objectively 57 
measured sedentary behaviour and adiposity after adjustment of MVPA in children and adolescents.. 58 
The study suggests that, targeting sedentary behaviour for obesity prevention may be most effective 59 
during periods in which we see large increases in ST. 60 
 61 
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INTRODUCTION  62 
Habitual sedentary time, and the fragmentation of sedentary behavior (the extent to which sedentary 63 
behaviors are prolonged or interrupted), have been reported to have important independent effects on 64 
all-cause mortality and cardiometabolic health in adults (1-6). A recent systematic review of 65 
longitudinal studies suggested that time spent sedentary increases across childhood and adolescence, 66 
and sedentary time becomes more prolonged/less fragmented (7). In addition, sedentary behavior in 67 
childhood and adolescence may influence adult sedentary behavior by the establishment of long-term 68 
KDELWVRUQRUPV$UHFHQWV\VWHPDWLFUHYLHZVXJJHVWHGWKDWHDUO\VHGHQWDU\EHKDYLRUWHQGVWRµWUDFN¶69 
(tracking is the maintenance of relative position over time) (8) and therefore it may be important to 70 
establish healthy lifestyles early on. 71 
 72 
Recent systematic reviews and editorials have reported an increasing body of evidence on the health 73 
effects of sedentary behavior defined as screen-time, but the evidence on the health impact of overall 74 
sedentary behavior during childhood and adolescence has only recently began to emerge and appears 75 
inconsistent (9-11). Studies have begun to identify possible effects of the number of breaks and bouts 76 
of sedentary behavior on cardiometabolic health in children and adolescents (12, 13). In a cross-77 
sectional study of Canadian 8-11y olds, Saunders et al (14) found that greater fragmentation of 78 
sedentary time was associated with lower BMI Z scores. Nevertheless, the evidence on associations 79 
between sedentary time or fragmentation and adiposity is limited to cross-sectional studies or studies 80 
of limited longitudinal duration. Recent reviews have found almost no evidence of associations 81 
between longitudinal changes in objectively measured sedentary behavior and adiposity across 82 
childhood and adolescence (7, 15-17), and so the hypothesis that objectively measured changes in 83 
sedentary behavior influences adiposity during childhood and adolescence remains largely untested, 84 
even though numerous research and policy interventions to modify sedentary behavior of children and 85 
adolescents are now being developed.  86 
 87 
Given the limited evidence on the effect of objectively measured sedentary time and fragmentation, 88 
the main aim of the present study was to test for associations between changes in sedentary behavior 89 
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(i.e. sedentary time and fragmentation of sedentary time) and changes in adiposity across childhood 90 
and adolescence, in the Gateshead Millennium Study cohort (GMS). In addition, in a previously 91 
published study on this cohort the authors reported different rates of change in ST between the 92 
different time periods (18) and therefore a secondary aim was to examine the effect of the rate of 93 
change in sedentary behavior on adiposity between measurement periods (ie 7 to 9 yr, 9 to 12 yr and 94 
12 to 15 yr). The authors hypothesize that an increase in sedentary time results in an increase in 95 
adiposity and an increase in sedentary fragmentation results in a decrease in adiposity. Additionally, it 96 
was hypothesized that the effect of the different rates of change during the different time periods may 97 
affect adiposity in different ways.  98 
 99 
MATERIALS AND METHODS 100 
Cohort 101 
The Gateshead Millennium Study (GMS) began as a prospective study of 1029 infants and their 102 
families recruited shortly after birth between June 1999 and May 2000 in Gateshead, an urban district 103 
in north east England. Full details of the study including recruitment and early life follow-up are 104 
described elsewhere (19). Physical activity and sedentary behavior measures in the cohort began in 105 
2006-2007 when study participants were aged 6-8 years. For the present study four periods from when 106 
the children were age 6y to age 15y have been considered. Baseline measures for this study were 107 
taken between October 2006 and December 2007 (the first time physical activity and sedentary 108 
behavior measures were included), when the children were aged 6-8 years (µ7y¶); follow-up was 109 
conducted between October 2008 and September 2009, when the children were aged 8-10 years 110 
(µ9y¶); between October 2011 and September 2012, when the children were aged 11-13 years (µ12y¶), 111 
and between September 2014 and September 2015, when the adolescents were aged 14-16 years 112 
(µ15y¶). Written parental consent was obtained during each data collection period and the study was 113 
approved by the Gateshead and South Tyneside Local National Health Service Research Ethics 114 
Committee for data collection at 7y and by the Newcastle University Faculty of Medical Sciences 115 
Ethics Committee for the 9y, 12y and 15y data collections. Each FKLOG¶VGDWHRIELUWKVH[DQGSDUHQWDO116 
socio-economic position, measured by Townsend score (an area-based measure derived from the UK 117 
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census in 1991), was recorded at birth. The measures described below were recorded at each of the 118 
7y, 9y, 12y and 15y baseline and follow-up periods. 119 
 120 
Body measurements 121 
Height and weight were measured during baseline and follow-up periods. Height was measured to the 122 
nearest 0.1 cm using a Leicester portable height measure (Chasmors, London, UK). Weight (kg) and 123 
bio-impedance were measured while children wore light clothing using a Tanita TBF300MA. Body 124 
mass index (BMI) was calculated as weight (kg) divided by height (m) squared. Fat mass (kg) was 125 
derived using bio-impedance data to calculate age and sex specific total body water, hydration and 126 
lean mass as described by Lohman (20). The final calculation of fat mass comes from weight (kg) 127 
minus lean mass. Fat mass index (FMI) was calculated as fat mass (kg) divided by height (m) squared.  128 
 129 
Accelerometry ± objective measurement of sedentary time and fragmentation of sedentary time 130 
Sedentary behavior was measured using Actigraph GT1M accelerometers (ActiGraph Corporation; 131 
Pensacola USA) worn for 7 days during baseline and follow-up periods. Accelerometer protocols 132 
used in the GMS have been described in detail elsewhere (21). Briefly, participants recorded the times 133 
when the monitor was worn using a provided log sheet and non-wear time (including sleep) was 134 
removed manually based on the wear time diaries and visual inspection by a trained researcher. Non-135 
wear time was not removed using consecutive zeros as it has been shown to affect the outcome 136 
significantly, especially in longitudinal studies in children and adolescents where changes in sedentary 137 
patterns are very likely (22). Data were collected in 15-second epochs and included in the analyses if 138 
participants had at least three days with ш6 hours per day of accelerometer data; this has been shown 139 
to provide reliable estimates of sedentary behavior (23). Epochs were defined as sedentary when 140 
UHFRUGHGFRXQWVZHUHFRXQWVVHFRQGV Sedentary time (ST) was expressed as the percentage of 141 
accelerometer wear time. A sedentary bout was defined as DQ\ SHULRG RI WLPH  PLQXWH RI142 
FRQVHFXWLYH FRXQWV  FRXQWV SHU  VHFRQGV (24). Fragmentation of sedentary time (SF) was 143 
quantified by calculating the number of sedentary bouts divided by total hours of sedentary time per 144 
day. This provides information about how ST is fragmented independent of overall ST; more bouts 145 
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per sedentary hour indicate total ST is made up out of several shorter bouts. Along with ST and SF, 146 
moderate-to-vigorous-intensity physical activity (MVPA) was also measured using the 147 
accelerometers. Epochs were defined as MVPA if recorded counts were greater than >800 counts/15 148 
second and expressed the percentage of accelerometer wear time (21). 149 
 150 
Participants were measured at the same time of the year during 7y, 9y and 12y measures. However, 151 
some variation in measurement time occurred during 15y follow-up, therefore the month in which 152 
assessment took place was recorded. Season of measurement is defined in four month intervals of 153 
when measurements were taken; Winter: November, December, January and February; 154 
Autumn/Spring: March, April, September and October; Summer: May, June, July and August. 155 
 156 
Statistical analysis 157 
Age, ST, SF, BMI, FMI, MVPA and Townsend score were treated as continuous variables whereas 158 
sex and season of measurement were treated as categorical. Multilevel linear spline random-effects 159 
models, with knot points at age 9y and 12y, were used to describe the trajectory of change in ST, SF, 160 
BMI and FMI with age. ST, SF, BMI and FMI were repeatedly measured during baseline and follow-161 
up periods, hence multilevel models with two levels (follow-up period [level 1] within each child 162 
[level 2]) were used. These models estimate individual-specific trajectories with no restriction on the 163 
number of measures, account for the correlation between repeated measures on the same child and 164 
allow for a change in scale and variation over time (25, 26). Four separate multilevel linear spline 165 
models were fitted with ST, SF, BMI and FMI as outcomes and knot points at 9y and 12y each with a 166 
random intercept and a single random slope (to capture individual deviation from the average 167 
trajectory, across all splines). Knot points were chosen at 9y and 12y to allow for investigation of 168 
change between follow-up periods and following the recommendation that if there are only a small 169 
number of data collection time points the knot points may be placed at the mean follow-up age (26). 170 
In a previous study in this cohort differences in change of ST and SF were found between boys and 171 
girls (18). To account for these differences in the change of ST, SF, BMI and FMI all models included 172 
adjustment for sex over time. To attenuate regression coefficients for potential confounding of 173 
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physical activity, all models also included adjustment for MVPA; interactions of sex and MVPA over 174 
time were also tested and included if found significant. Socio-economic status was included in all 175 
models as a potential confounder, however, it was found not to be associated with the change outcome 176 
nor did it attenuate regression coefficients and was therefore excluded in final models. The final linear 177 
spline random-effects models for the change in ST or SF over age included adjustment for sex and 178 
MVPA (including interactions of sex and MVPA over time) and seasonality. The final linear spline 179 
random-effects models for the change in BMI or FMI over age included adjustment for sex and 180 
MVPA.  181 
 182 
To investigate the associations of changes in sedentary behavior with changes in adiposity we 183 
combined the final linear spline models for change in sedentary behavior (ST and SF) with the linear 184 
spline models for change in adiposity (BMI and FMI), as an extra response variable at the individual 185 
level, to form bivariate models. This was done for the linear spline random effects model for change 186 
in ST as a predictor with change in BMI and change in FMI as the outcome (Model 1 and Model 2, 187 
respectively), as well as for the linear spline random effects model for change in SF as a predictor 188 
with change in BMI and change in FMI as the outcome (Model 3 and Model 4, respectively). All 189 
bivariate models included covariate adjustments for sex, seasonality, MVPA, and an interaction 190 
between sex and MVPA. Linear regression co-efficients with 95%CI are reported for the association 191 
between sedentary behavior (ST and SF) at y7 with adiposity (BMI and FMI) at y7, the association 192 
between sedentary behavior at y7 with the change in adiposity and, finally, the change in sedentary 193 
behavior at y7 with the change in adiposity. 194 
 195 
Linear regression analysis was used to further investigate if the association between change in ST or 196 
SF and change in BMI or FMI differed between rates of change of follow-up age groups (age 7 to 9 197 
years, 9 to 12 years and 12 to 15 years) since these could not be estimated within bivariate models. 198 
Linear regression models considered all children with data at the specific time point with change in 199 
ST or SF as the outcome, and change in BMI or FMI as the independent predictor variable with 200 
adjustment for sex and change in MVPA over the same time period included.  201 
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 202 
RESULTS 203 
During the four data collection periods 515, 517, 441 and 326 study members took part in the physical 204 
activity measurements. Of these 502 (97%), 506 (98%), 420 (95%) and 306 (94%) had valid adiposity 205 
data at 7y, 9y, 12y and 15y, respectively (Table 1). There is a smaller sample with FMI measures due 206 
to missing (assumed to be at random) body composition data. Participants wore the accelerometer for 207 
an average of 671.1 min/day, 672.5 min/day, 7171.7 min/day and 725.6 min/day at age 7y, 9y, 12y 208 
and 15y, respectively (Table 1). 209 
 210 
Change trajectories for ST, SF, BMI and FMI are shown in online supplements 1 to 4. Briefly, ST 211 
increased from age 7y to 15y by 188 min/day over the 8 year period, whereas fragmentation decreased 212 
by 3.7 bouts per sedentary hour (Table 1). Linear spline modelling showed a greater increase in ST 213 
between 9y-12y compared to 7y-9y and 12y-15y. The rate of change differed slightly between boys 214 
and girls (Online Supplement 1). Fragmentation decreased most between ages 12y and 15y with again 215 
a slight difference between boys and girls (Online Supplement 1). BMI and FMI increased from age 216 
7y to 15y (Table 1). BMI increased most between ages 9y-12y for boys and 7y-9y for girls and FMI 217 
increased most during the 9y-12y period in both boys and girls (Online Supplement 1). 218 
 219 
Bivariate models 220 
After adjustment for sex, MVPA and seasonality, higher levels of ST at baseline were associated with 221 
lower BMI and FMI (-0.05 kg/m2 for both) and with a decrease in BMI and FMI (-0.02 kg/m2 for 222 
both) between age 7 to 15 years (p<0.001 for all, Table 2). In addition, higher levels of SF at baseline 223 
were not associated with BMI (-0.002 kg/m2; p=0.968) and FMI (-0.01 kg/m2; p=0.927) or with a 224 
change in BMI (0.04 kg/m2; p=0.409) and FMI (0.05 kg/m2; p=0.396) between age 7 to 15 years 225 
(Table 2). 226 
 227 
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Associations between change in sedentary behavior and change in adiposity are shown in Table 2. 228 
After adjustment for sex, MVPA and seasonality a 1% increase in ST was associated with an increase 229 
in BMI of 0.08 kg/m2 per year (p<0.001). Increasing ST by 1% resulted in an increase in FMI of 0.15 230 
kg/m2 (p<0.001). An increase of 1 bout per sedentary hour (i.e. ST more fragmented) was associated 231 
with an increase in BMI of 0.07 kg/m2 and an increase in FMI of 0.14 kg/m2 (p<0.001 for both).  232 
 233 
Associations between change in ST and change in FMI did not differ between time points. However, 234 
the association between ST and BMI differed slightly between time points. The results indicate a 235 
negative association (i.e. increase in ST leads to decrease in BMI) from age 7y to 9y (-0.02 kg/m2; 236 
p=0.053), whereas this is in the opposite direction for the periods 9y to 12y (0.02 kg/m2; p=0.316) and 237 
12y to 15y (0.01 kg/m2; p=0.594). However, none of these associations were found significant (Table 238 
3 and 4). The association between change in SF and change in BMI and FMI differed between time 239 
periods (Table 3 and 4). An increase in fragmentation (i.e. 1 bout per sedentary hour more) was 240 
significantly associated with a 0.09 kg/m2 decrease in BMI and a 0.11 kg/m2 decrease in FMI over the 241 
9y to 12y period (p=0.046 and p=0.049, respectively). An increase in SF resulted in a 0.06 kg/m2 242 
increase in BMI between 7y-9y (p<0.049) and no change in FMI (p=0.703). Last, an increase in SF 243 
resulted a 0.05 kg/m2 increase in BMI (p=0.322) and a 0.04 kg/m2 increase in FMI (p=0.546) over the 244 
12y-15y period. Associations between SF and BMI and FMI during the other time periods were non-245 
significant (p>0.05). 246 
 247 
DISCUSSION 248 
Main study findings and implications 249 
In the present study, higher levels of ST at baseline were associated with lower BMI and smaller 250 
changes in BMI over time. However, increasing ST across childhood and adolescence was associated 251 
with an increase in body fatness from 7y to 15y. Moreover, the association between increased ST and 252 
increased adiposity was independent of MVPA, suggesting that any impact of ST was not attributable 253 
simply to declining MVPA. The present study therefore provides the first longitudinal evidence that 254 
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age-related increases in objectively measured sedentary time are associated with age-related increases 255 
in body fatness. In addition, the association between increased ST and increased adiposity was likely 256 
to be biologically as well as statistically significant: for example increasing ST by 3% per year (i.e. 257 
equal to the average increase of ~24min in this cohort) for 8 years will increase FMI by 0.147*3*8 = 258 
3.5 kg/m2. This equates to 1.3kg of fat mass for a 15y old of average height in this cohort (i.e. 167.0 259 
cm) with mean fat mass of 18.4kg. The present study is also is among the first to provide evidence of 260 
any adverse health impact of objectively measured increases in ST after adjustment for MVPA during 261 
childhood and adolescence. 262 
 263 
Over the 8 year period, an increase in fragmentation of sedentary time was associated with an increase 264 
in FMI and BMI. This result contradicts the original study hypothesis and there are several reasons 265 
ZK\WKLVPD\EHKDSSHQLQJ)LUVWWKHFXUUHQWVWXG\FODVVLILHGDERXWRIVHGHQWDU\EHKDYLRUDVPLQ266 
of 100cpm which may have been too short. Saunders et al. (14) showed a positive association between 267 
the number of bRXWV-4 minutes and BMI Z score in children with an obesity family history but 268 
QHJDWLYH DVVRFLDWLRQV IRU ERXWV   PLQXWHV 6HFRQG WKH UHVXOWV PD\ KDYH EHHQ DIIHFWHG E\ DQ269 
unforeseen statistical bias or by possible confounders not included in the analysis (e.g. diet). Further 270 
investigations indicated that when looking at the three different time periods (i.e. 7y to 9y, 9y to 12y 271 
and 12y to 15y) an increase in fragmentation was significantly associated with a decrease in FMI and 272 
BMI over the 9y to 12y period. An increase in SF resulted in an increase in FMI and BMI between 273 
7y-9y and 12y-15y however this was only significant with BMI as an outcome and change between 274 
7y-9y of age (Table 3 and 4). Additionally, it has to be acknowledged that these regression analyses 275 
were cross-sectional and therefore the exact direction of the effect cannot be established.  276 
 277 
There are several factors which may explain the associations between the changes in sedentary 278 
behaviour and changes in adiposity observed in the present study. Sedentary behaviors, especially 279 
screen time, are often associated with opportunities to snack which may lead to increased energy 280 
intake while engaging in low energy expenditure activities resulting in a positive energy balance (27). 281 
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In addition, engaging in sedentary behaviors such as television viewing or electronic gaming may 282 
adversely affect sleep which has been linked to an increase in adiposity (28).  283 
  284 
Comparisons with other studies 285 
Recent systematic reviews have noted the limited evidence on associations between objectively 286 
measured sedentary behavior and adiposity, and have called for more studies with stronger designs, 287 
including more longitudinal studies (7, 15-17). While previous studies have been small in number and 288 
inconclusive, the balance of available evidence has suggested that an association between sedentary 289 
behavior and adiposity would be unlikely. The current study showed the 9y-12y period to be a period 290 
in which the effects of increasing ST and lowering of SF appear to influence adiposity most. Few 291 
previous studies have included these periods. Most longitudinal studies have focused on specific 292 
periods such as childhood (20) or adolescence (29, 30) or included a wide range of ages (e.g. 4y-19y) 293 
(31, 32). In addition, different outcomes between studies may also be due to methodological decisions 294 
related to the accelerometer data. Several different cut points have been used to define sedentary 295 
behavior (i.e. ranging from <100cpm to <1100cpm) and MVPA (i.e. cut points ranging from 296 
>2295cpm to >3600 cpm) as well as different non-wear criteria (ranging from 20 min of consecutive 297 
zeros to 60 min with and without allowance of interruptions) (21, 28-33). Previous research has 298 
shown that these differences affect the association with health outcomes and make comparison 299 
between studies difficult (35).  300 
 301 
Kwon et al. (33) examined the longitudinal associations between ST and dual energy x-ray 302 
absorptiometry-measured body fat mass from age 8 to 15 years. The authors reported no associations 303 
between ST and fat mass after adjustments for MVPA. One of the reasons for the difference between 304 
the Kwon et al. (33) study and the current study may be the method used to measure adiposity. The 305 
second study to examine the association between ST and change in BMI from age 9 to 15 years was 306 
the study by Mitchell et al. (34). Mitchell et al. (34) is the only study to date to suggest that 307 
accelerometer measured ST might be associated with adiposity, independent of MVPA. However, 308 
contradictory to the current study, the study by Mitchell et al. did not find a difference between time 309 
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periods. In addition, Mitchell et al. (34) reported that the associations between ST and BMI only 310 
applied to those with higher BMI and was revealed using quantile regression only. In the current study 311 
quantile regression was used to test whether associations between exposure and outcome values 312 
differed by the weight status of the participants. However, in this cohort no significant associations 313 
were found between ST and BMI or FMI in any of the weight status categories except the 75th 314 
percentile of BMI. In addition, the associations for SF and BMI or FMI were only significant for the 315 
25th percentile (FMI) and the 50th percentile (BMI). However, while no significant results were found, 316 
the regression coefficients suggested the possibility of stronger associations between SF and adiposity 317 
in the higher weight status categories compared to the lower weight status categories (Online 318 
Supplement 2 to 5). 319 
 320 
The evidence on the association between SF and adiposity is scarce in children and adolescents. 321 
Saunders et al (14) found that more breaks in ST were associated with lower BMI Z score in a cross-322 
sectional study of Canadian children aged 9 years. Interestingly, the authors also found a protective 323 
association between the number of sedentary bouts smaller than 5 minutes and BMI Z score (i.e. 324 
greater number of bouts was associated with lower BMI Z scores). However, they did not report an 325 
association between the number of sedentary bouts greater/equal to 5 minutes and BMI Z score. 326 
Differences between studies may be the result of real biological differences between samples, and/or 327 
due to methodological differences. 328 
 329 
Study strengths and weaknesses 330 
The main strengths of the present study were the novelty, the longitudinal design and analysis, the 331 
socio-economically representative and contemporary nature of the sample, the availability of high 332 
quality measures for both exposure and outcome variables, and the inclusion of relevant confounders. 333 
The longitudinal analysis made it possible to include all available data from all participants under a 334 
µPLVVLQJ DW UDQGRP¶ DVVXPSWLRQ LH SDUWLFLSDQWV GR QRW QHHG YDOLG GDWD DW DOO WLPH SRLQWV WR EH335 
included in the analysis) which limits attrition. In a previous study within the same cohort we found 336 
that the availability of body fatness estimates was an important strength, as associations between 337 
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exposures and outcomes which were observed with body fatness as the outcome were not always 338 
observed using BMI (a proxy for body fatness) as the outcome (36, 37). While the 100cpm 339 
accelerometer cut point to define ST may have included some standing time, the objective 340 
measurement of sedentary behavior using the Actigraph can be seen as a strength. A recent study 341 
comparing several cut points against a posture based monitor concluded the 100cpm cut point is most 342 
appropriate when measuring sedentary behavior in children (38). In addition, the inclusion of 343 
fragmentation of sedentary behavior as an outcome is novel and a benefit of this method is that it 344 
corrects for differences in sedentary time between participants. However, the method used (i.e. bouts 345 
per sedentary hour) also has its limitations. Using the number of bouts does not account for the 346 
duration in which these bouts have been accumulated which may impact the results. It is 347 
recommended that future studies examine the way in which these bouts are accumulated and whether 348 
for example accumulating 25 minutes of sedentary time in five, five minute bouts has a different 349 
effect on health compared to accumulating sedentary time in five one minute bouts and one 20 minute 350 
bout. The authors acknowledge that using bio-electrical impedance to measure body fat has its own 351 
limitations. Measures may have been affected by exercise or consuming food/drinks beforehand. As 352 
previously mentioned, the post-hoc linear regression analyses were cross-sectional which is a 353 
limitation. Due to sample size it was not possible to use bivariate spline modelling to look at average 354 
change rates over specific time points (i.e. the post-hoc analysis) and therefore had to use linear 355 
regression analysis which decreased the number of participants included in these analyses. A 356 
weakness of the current study was the measure used to determine socio-economic status which relies 357 
RQ  &HQVXV GDWD DQG ZDV PHDVXUHG DW ELUWK 7KH FKLOG¶V VRFLR-economic environment might 358 
therefore have changed by the time accelerometer data were collected. Generalisability of study 359 
findings is unclear, but we note that the cohort is both reasonably contemporary (born in 1999-2000), 360 
and socio-economically representative of North-East England (39), and both of these characteristics 361 
should enhance generalizability. 362 
 363 
CONCLUSIONS  364 
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In this study a greater increase in sedentary time and increase in sedentary fragmentation from age 7y 365 
to 15y were associated with increased adiposity. However, the associations differed between time 366 
points ± an increase in fragmentation of sedentary behavior was associated with a decrease in 367 
adiposity from age 9y to 12y. The steepest increase in adiposity associated with sedentary behavior 368 
was noted over the 9y to 12y period. This is the first study to show an association between sedentary 369 
behavior and adiposity and highlights a potentially crucial period, that of late childhood to intervene 370 
to reduce the impact of age-related changes in sedentary behavior on body fatness. 371 
 372 
Acknowledgements 373 
We appreciate the support of Gateshead Health National Health Service Foundation Trust, Gateshead 374 
Education Authority, and local schools. We thank members of the research team for their effort. We 375 
especially thank the families and children who participated in the Gateshead Millennium Study.  376 
 377 
Conflict of Interest 378 
The authors declare no conflicts of interest 379 
15 
 
 380 
References 381 
1. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. Sedentary time and 382 
its association with risk for disease incidence, mortality, and hospitalization in adults: a systematic 383 
review and meta-analysis. Ann Intern Med. 2015;162(2):123-32. 384 
2. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality from all 385 
causes, cardiovascular disease, and cancer. Med Sci Sports Exerc. 2009;41(5):998-1005. 386 
3. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the population-health 387 
science of sedentary behavior. Exerc Sports Sci Rev. 2010;38(3):105-13. 388 
4. Proper KI, Singh AS, Van Mechelen W, Chinapaw MJ. Sedentary behaviors and health 389 
outcomes among adults: a systematic review of prospective studies. Am J Prev Med. 2011;40(2):174-390 
82. 391 
5. Schmid D, Leitzmann MF. Television viewing and time spent sedentary in relation to cancer 392 
risk: a meta-analysis. J Natl Cancer Inst. 2014;106(7):dju098. 393 
6. van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time and all-cause 394 
mortality risk in 222 497 Australian adults. Arch Intern Med. 2012;172(6):494-500. 395 
7. Tanaka C, Reilly JJ, Huang WY. Longitudinal changes in objectively measured sedentary 396 
behaviour and their relationship with adiposity in children and adolescents: systematic review and 397 
evidence appraisal. Obes Rev. 2014;15(10):791-803. 398 
8. Jones RA, Hinkley T, Okely AD, Salmon J. Tracking physical activity and sedentary behavior 399 
in childhood: a systematic review. Am J Prev Med. 2013;44(6):651-8. 400 
9. Chinapaw M, Altenburg T, Brug J. Sedentary behaviour and health in children²Evaluating 401 
the evidence. Prev Med. 2015;70:1-2. 402 
10. LeBlanc AG, Spence JC, Carson V, Connor Gorber S, Dillman C, Janssen I, et al. Systematic 403 
review of sedentary behaviour and health indicators in the early years (aged 0±4 years). Appl Physiol 404 
Nutr Metab. 2012;37(4):753-72. 405 
16 
 
11. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al. Systematic 406 
review of sedentary behaviour and health indicators in school-aged children and youth. Int J Behav 407 
Nutr Phys Act. 2011;8(1):98. 408 
12. Cliff DP, Jones RA, Burrows TL, Morgan PJ, Collins CE, Baur LA, et al. Volumes and bouts 409 
of sedentary behavior and physical activity: Associations with cardiometabolic health in obese 410 
children. Obesity. 2014;22(5):E112-E8. 411 
13. Belcher BR, Berrigan D, Papachristopoulou A, Brady SM, Bernstein SB, Brychta RJ, et al. 412 
Effects of Interrupting Children's Sedentary Behaviors With Activity on Metabolic Function: A 413 
Randomized Trial. J Clin Endocrinol Metab. 2015;100(10):3735-43. 414 
14. Saunders TJ, Tremblay MS, Mathieu M-Ê+HQGHUVRQ02¶/RXJKOLQ-7UHPEOD\$HWDO415 
Associations of sedentary behavior, sedentary bouts and breaks in sedentary time with 416 
cardiometabolic risk in children with a family history of obesity. PLOS ONE. 2013;8(11):e79143. 417 
15. Ekelund U, Hildebrand M, Collings PJ. Physical activity, sedentary time and adiposity during 418 
the first two decades of life. Proc Nutr Soc. 2014;73(2):319-29. 419 
16. Mitchell JA, Byun W. Sedentary behavior and health outcomes in children and adolescents. 420 
Am J Lifestyle Med. 2014;8(3):173-99. 421 
17. Cliff DP, Hesketh K, Vella SA, Hinkley T, Tsiros MD, Ridgers ND, et al. Objectively 422 
measured sedentary behaviour and health and development in children and adolescents: systematic 423 
review and metaǦanalysis. Obes Rev. 2016;17(4):330-44. 424 
18.  Janssen, X., Mann, K. D., Basterfield L, Parkinson KN, Pearce MS, Reilly JK, et al. 425 
Development of sedentary behavior across childhood and adolescence: longitudinal analysis of the 426 
Gateshead Millennium Study. Int J Behav Nutr Phys Act. 2016;13(1): 88. 427 
19. Parkinson KN, Pearce MS, Dale A, Reilly JJ, Drewett RF, Wright CM, et al. Cohort profile: 428 
the Gateshead Millennium Study. Int J Epidemiol. 2011;40(2):308-17. 429 
20. Lohman TG. Assessment of body composition in children. Pediatr Exerc Sci. 1989;1(1):19-430 
30. 431 
21. Basterfield L, Adamson AJ, Frary JK, Parkinson KN, Pearce MS, Reilly JJ. Longitudinal 432 
study of physical activity and sedentary behavior in children. Pediatr. 2011;127(1):e24-e30. 433 
17 
 
22. Janssen X, Basterfield L, Parkinson KN, Pearce MS, Reilly JK., Adamson AJ, Reilly JJ. 434 
Objective measurement of sedentary behavior: impact of non-wear time rules on changes in sedentary 435 
time. BMC Public Health. 2015; 15: 504. 436 
23. Basterfield L, Adamson AJ, Pearce MS, Reilly JJ. Stability of habitual physical activity and 437 
sedentary behavior monitoring by accelerometry in 6-to 8-year-olds. J Phys Act Health. 438 
2011;8(4):543-7. 439 
24. Altenburg TM, de Niet M, Verloigne M, De Bourdeaudhuij I, Androutsos O, Manios Y, et al. 440 
Occurrence and duration of various operational definitions of sedentary bouts and cross-sectional 441 
associations with cardiometabolic health indicators: The ENERGY-project. Prev Med. 2015;71:101-6. 442 
25. MacdonaldǦWallis C, Lawlor DA, Palmer T, Tilling K. Multivariate multilevel spline models 443 
for parallel growth processes: application to weight and mean arterial pressure in pregnancy. Stat 444 
Med. 2012;31(26):3147-64. 445 
26. Howe LD, Tilling K, Matijasevich A, Petherick ES, Cristina Santos A, Fairley L, et al. Linear 446 
spline multilevel models for summarising childhood growth trajectories: A guide to their application 447 
using examples from five birth cohorts. Stat Methods Med Res. 2013: 0962280213503925  448 
27. Pearson N, Biddle SJ. Sedentary behavior and dietary intake in children, adolescents, and 449 
adults: a systematic review. Am J Prev Med. 2011;41(2):178-88. 450 
28. Fatima Y, Mamun A. Longitudinal impact of sleep on overweight and obesity in children and 451 
adolescents: a systematic review and biasǦadjusted metaǦanalysis. Obes Rev. 2015;16(2):137-49. 452 
29. Stamatakis E, Coombs N, Tiling K, Mattocks C, Cooper A, Hardy LL, et al. Sedentary time in 453 
late childhood and cardiometabolic risk in adolescence. Pediatr. 2015;135(6):e1432-e41. 454 
30. Treuth MS, Baggett CD, Pratt CA, Going SB, Elder JP, Charneco EY, et al. A longitudinal 455 
study of sedentary behavior and overweight in adolescent girls. Obesity. 2009;17(5):1003-8. 456 
31. Ekelund U, Luan J, Sherar LB, et al. Moderate to vigorous physical activity and sedentary 457 
time and cardiometabolic risk factors in children and adolescents. JAMA. 2012;307(7):704-12. 458 
32. Butte NF, Cai G, Cole SA, Wilson TA, Fisher JO, Zakeri IF, et al. Metabolic and behavioral 459 
predictors of weight gain in Hispanic children: the Viva la Familia Study. Am J Clin Nutr. 460 
2007;85(6):1478-85. 461 
18 
 
33. Kwon S, Burns TL, Levy SM, Janz KF. Which contributes more to childhood adiposity-high 462 
levels of sedentarism or low levels of moderate-through-vigorous physical activity? The Iowa Bone 463 
Development Study. J Pediatr. 2013;162(6):1169-74. 464 
34. Mitchell J, Pate R, Beets M, Nader P. Time spent in sedentary behavior and changes in 465 
childhood BMI: a longitudinal study from ages 9 to 15 years. Int J Obes. 2012;37(1):54-60. 466 
35.  Atkin AJ, Ekelund U, Møller NC, et al. Sedentary time in children: influence of 467 
accelerometer processing on health relations. Med Sci Sports Exerc 2013;45:1097-104. 468 
36. Basterfield L, Pearce MS, Adamson AJ, Frary JK, Parkinson KN, Wright CM, et al. Physical 469 
activity, sedentary behavior, and adiposity in English children. Am J Prev Med. 2012;42(5):445-51. 470 
37. Basterfield L, Pearce MS, Adamson AJ, Reilly JK, Parkinson KN, Reilly JJ, et al. Effect of 471 
choice of outcome measure on studies of the etiology of obesity in children. Ann Epidemiol. 472 
2012;22(12):888-91. 473 
38. 5LGJHUV1'6DOPRQ-5LGOH\.2¶&RQQHOO($UXQGHOO/7LPSHULR$$JUHHPHQWEHWZHHQ474 
activPAL and ActiGraSK IRU DVVHVVLQJ FKLOGUHQ¶V VHGHQWDU\ WLPH ,QW - %HKav Nutr Phys Act. 475 
2012;9(15):7. 476 
39. Parkinson KN, Pearce MS, Dale A, Reilly JJ, Drewett RF, Wright CM, et al. Cohort profile: 477 
the Gateshead Millennium Study. Int J Epidemiol. 2011;40(2):308-17. 478 
479 
19 
 
Table 1: Summary of the participants at each follow±up period  480 
 
Follow-up period 
 
7y 9y 12y 15y 
Sample 
n 
(% with valid data) 
502 (97) 506 (98)  420 (95)  306 (94) 
Sex (male) % 50.2 48.2 46.9 46.7 
Age (years)  mean (SD) 7.5 (0.5) 9.3 (0.4) 12.5 (0.3) 15.2 (0.4) 
Weight (kg) mean (SD) 26.4 (5.2) 33.5 (7.6) 49.6 (12.2) 62.2 (14.1) 
Height (cm) mean (SD) 124.9 (5.6) 135.6 (6.4) 154.6 (7.8) 167.0 (8.3) 
Townsend score (n) n (%)     
 1 (Most affluent) 97 (19.3) 96 (18.9) 85 (20.2) 59 (19.3) 
 2 113 (22.5) 119 (23.5) 101 (24.1) 79 (25.9) 
 3 108 (21.5) 110 (21.7) 94 (22.4) 68 (22.3) 
 4 90 (17.9) 93 (18.4) 68 (16.2) 48 (15.7) 
 5 (Least affluent) 88 (17.5) 82 (16.2) 66 (15.7) 49 (16.1) 
 Missing 6 (1.2) 6 (1.2) 6 (1.4) 3 (0.7) 
BMI (kg/m2) mean (SD) 16.8 (2.3) 18.0 (2.9) 20.6 (3.9) 22.2 (4.4) 
FMI (kg/m2)* mean (SD) 4.0 (1.8) 4.8 (2.4) 5.4 (3.3) 6.5 (4.1) 
Wear time per day (min) mean (SD) 671.1 (68.9) 672.5 (75.6) 717.7 (82.6) 725.6 (82.5) 
Number of valid days 
included mean (SD) 6.4 (0.9) 6.0 (1.2) 5.9 (1.3) 5.6 (1.3) 
ST (%) mean (SD) 51.5 (7.7) 55.4 (7.0) 64.8 (8.2) 73.4 (6.6) 
ST (min) mean (SD) 346.5 (66.4) 372.8 (63.3) 466.5 (86.6) 535.1 (85.6) 
SF (bouts/sedentary hour) mean (SD) 16.7 (1.7) 16.7 (1.6) 15.3 (2.3) 13.0 (2.4) 
Accumulated time spent 
in sedentary bouts >1min mean (SD) 263.3 (65.9) 294.0 (64.1) 394.8 (88.0) 480.6 (88.9) 
MVPA (%) mean (SD) 6.0 (2.6) 5.5 (2.3) 4.4 (2.4) 4.3 (2.4) 
ST: Percentage of daily time spent sedentary; SF: Fragmentation of sedentary time; MVPA; Percentage of daily 481 
time spent in moderate-to-vigorous physical activity; BMI: Body Mass Index; FMI: Fat Mass Index 482 
*Smaller sample due to missing data (7y n 500, 9y n 424; 12y n 378; 15y n 298) 483 
 484 
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 486 
Table 2:  Mean differences between the change in sedentary behavior (predictor) and the change in 487 
adiposity (outcome), adjusted for sex, MVPA and seasonality (n 659).   488 
Bivariate Model co-efficient 95% CI p-value 
Model 1 (ST and BMI) 
    
ST 7y and BMI 7y -0.05 -0.07 -0.03 <0.001 
ST 7y DQG%0,ǻ -0.02 -0.03 -0.01 <0.001 
67ǻDQG%0,ǻ 0.08 0.06 0.10 <0.001 
Model 2 (ST and FMI) 
    
ST 7y and FMI 7y -0.05 -0.07 -0.04 <0.001 
67\DQG)0,ǻ -0.02 -0.03 -0.01 <0.001 
67ǻDQG)0,ǻ 0.15 0.11 0.19 <0.001 
Model 3 (SF and BMI)     
SF 7y and BMI 7y -0.002 -0.11 0.11 0.968 
6)\DQG%0,ǻ 0.04 -0.06 0.15 0.409 
6)ǻDQG%0,ǻ 0.07 0.06 0.09 <0.001 
Model 4 (SF and FMI)     
SF 7y and FMI 7y -0.01 -0.12 0.11 0.927 
6)\DQG)0,ǻ 0.05 -0.06 0.15 0.396 
6)ǻDQG)0,ǻ 0.14 0.10 0.18 <0.001 
ST: Percentage of daily time spent sedentary; MVPA: moderate to vigorous physical activity; SF: 489 
Fragmentation of sedentary time; BMI: Body Mass Index; FMI: Fat Mass Index; ǻ Change from age 7 to 15 490 
years; ǻFKDQJHEHWZHHQWLPHSRLQWV 491 
 492 
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Table 3: Linear regression model of change in ST or SF (predictors) and change in BMI (outcome) 494 
between time points, adjusted for change in MVPA and sex. 495 
BMI co-efficient 95% CI p-value 
67ǻ\DQG\(n 400) -0.02 -0.04 0.00 0.053 
67ǻ9y and 12y (n 348) 0.02 -0.02 0.05 0.316 
67ǻ12y and 15y (n 260) 0.01 -0.03 0.06 0.594 
6)ǻ\DQG\(n 400) 0.06 0.00 0.13 0.049 
6)ǻ9y and 12y (n 348) -0.09 -0.18 0.00 0.046 
6)ǻ12y and 15y (n 260) 0.05 -0.05 0.15 0.322 
MVPA: moderate to vigorous physical activity; ST: Sedentary time; SF: Fragmentation of sedentary time; BMI: 496 
Body Mass Index; ǻ change between time points 497 
 498 
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Table 4: Linear regression model of change in ST or SF (predictor) and change in FMI (outcome) 500 
between time points, adjusted for change in MVPA and sex. 501 
FMI co-efficient 95% CI p-value 
ST ǻ 7y and 9y (n 374) 0.00 -0.02 0.02 0.703 
ST ǻ 9y and 12y (n 275) 0.04 0.00 0.07 0.062 
ST ǻ 12y and 15y (n 232) 0.02 -0.04 0.07 0.529 
SF ǻ 7y and 9y (n 374) 0.09 -0.04 0.23 0.174 
SF ǻ 9y and 12y (n 275) -0.11 -0.22 0.00 0.049 
SF ǻ 12y and 15y (n 232) 0.07 -0.05 0.19 0.246 
MVPA: moderate to vigorous physical activity; ST: Sedentary time SF: Fragmentation of sedentary time; FMI: 502 
Fat Mass Index; ǻ change between time points 503 
 504 
 505 
 506 
